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Abstract 
Measurement residuals have been conventionally used in the detection and identification of gross errors in power system state 
estimation. Other types of mismatches have been employed in failure detection of complex plants, though their application to power 
systems has not yet been reported. Parameters in power systems can be used for the purpose of generating such mismatches called 
parity mismatches in this paper. Parameters calculated from measurements containing erroneous ones differ from their true values 
resulting in parity mismatches. In this paper, parity mismatches are employed for identification of gross errors in given 
measurements. A relation between parity mismatches and measurement residuals has been derived. Similar to the method of 
residuals, normalization can be effected on parity mismatches. Physical appeal of the parity mismatches enables one to adopt 
normalization which improves the detectability of bad data in short lines. A segregated treatment for real, reactive power flows and 
also the injections can be applied unlike the method of residuals. 
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1.Introduction 
A good state estimate helps in better monitoring and control of the power system. Gross error identification 
in power system state estimation plays an important role towards obtaining an unbiased state estimate. The parity 
mismatches and the measurement residuals are indicators of gross errors present in the given set of 
measurements. Parity mismatches and measurement residuals are nin zero quantities due to the nonsatisfaction of 
the physical laws of the system. This paper develops relations between the parity mismatches and the 
measurement residuals which adds a new dimension to the bad data analysis and gives a physical significance to 
the measurement residuals. With the physical understanding of measurement residuals in the form of parity 
mismatches, different normalization can be applied to the parity mismatches to help in the identification of gross 
errors. Short lines are known to contain residuals of small magnitudes and their identification is still being 
researched[1]. In the method proposed here it is possible to normalize lineflow parity mismatches using line 
impedances. This normalization is different from the existing normalization of residues[2], and facilitates 
identification of gross errors in short lines. 
2.Measurement Residues 
The given measurement vector z is modelled by z = h ( x ) + e, where x is the state vector and h(x) is a nonlinear 
function of x, e denotes the error vector of order m, whose ith component is a normal noise with zero mean. Given z 
the weighted least squares state estimate x  is defined to be the value of x which minimizes J(x) = (z – h(x)) T R-1(z 
– h(x)). Where R is an (m h m) diagonal covariance matrix whose ith diagonal element is 2iG the variance of ith 
measurement, T denotes the transpose.  
The state estimate is then obtained from the sequence 1 1 1 1[ ( ) ( )] ( ) ( ( ))k k T k k T k kx x H x R H x H x R z h x      ,where 
H(xk ) is the Jacobian matrix. The estimated measurement vector z is obtained from the estimated state vector 
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x . z =  H x . 
The measurement residue vector is defined as r  =  z - z .Vector r is related to the error vector e, through the 
residue sensitivity matrix  as[2]r =W e WhereW =W I - (H TH R -1 )-1H TH R -1,The residuals r are modified 
to weighted residuals ( ) and normalized residuals (rn),using covariance matrices[1]. The residual covariance matrix 
is given by . 
wr
  1 1)H ( ) (T T
r
E rr H H R H  ¦ T WRR 
Let D = Diag.(WR ). Then the weighted and normalized residuals are defined as rw = R-1 r and rn = D-1 r.  
The normalized residues have been the basis up until now for identification of gross errors. 
3.Parity Mismatches 
The parity mismatch method is a model based formulation and uses the different physical laws of the system to 
estimate the errors in the measurement. For this purpose the equations are written such that the right hand side of the 
equation is a constant and left hand side contains measurements, The difference between the calculated value and the 
actual given value of a constant/parameter is a parity mismatch. The method is based on the premise that true values of 
measurements always satisfy the equation and any gross error in the measurement will cause the calculated value of 
the constant to differ from its given value, thereby resulting in a large parity mismatch. The parity mismatches for 
power systems are derived from the line flow and bus injection equations as described below. 
 
 
 
 
 
 
Figure 1. Transmission line as a two port network. 
3.1 Line Flow Equations 
The node voltages Vi and Vj are related to currents by Iij = Yii Vi + YijVj and  Iji = YjiVi + YjjVj 
Where 
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Let Yii = Gii + jBii  and  Yij = Gij + jBij 
Then the real power line flow equation for a power system is given by 
Pij = Vi2Gii + ViVj[Gij cos( ijT ) + Bij sin( ijT )]                                                   (1) 
Where Pij represents the true real power measurement, Vi and Vj are the true voltage magnitudes, ijT is the 
difference between bus voltage angles, Gij and Bij are the known constant conductance and susceptence of a line 
respectively. The equation (1) can be written with a constant on right hand side as given below. 
2
[ cos( ) sin( )]ij i j ij ij ij ij
ii
i
P VV G B
G
V
T T 
                                                            (2) 
The calculated value iiG of Gii, can be obtained using (2), i.e.
2
[ cos( ) sin( )]ij i j ij ij ij ij
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where iV  and jV  are the estimated magnitudes of state voltages, ijT is the estimated angle difference of state 
voltages and Zij represents the measured real power line flow. Parity mismatches of the conductance parameter Gii is 
then given by PM 1ij  = Gii - iiG . 
The subscript ij corresponds to that of measurement zij. Similarly it is possible to generate two more parity 
mismatches  and  for the same measurement using different equation representations as given below. 2PM 3PM
2 sin( )
cos( )
ij i ii i j ij ij
ij
i j ij
Z V G VV B
G
VV
T
T
 
 ,
2
ij ij ijPM G G   and 
2 cos( )
sin( )
ij i ii i j ij ij
ij
i j ij
Z V G VV G
B
VV
T
T
 
 ,
3
ij ij ijPM B B   
Parity mismatches  to  for the reactive power line flow from three similar representation as above 
can be obtained. 
4
ijPM
6
ijPM
3.2Bus Injection Equation for real power 
Bus Injection Equation for real power at ith bus is given by 
2
1
1
( cos sin )
bn
ii i ii i ij ij ij ij j
j
j
P V G V G B VT T
 
z
  ¦                                                           (3) 
Where iiP  is the ‘true’ real power injection measurement at ith bus and  is the number of buses in a given 
system. For the purpose of obtaining parity mismatch (3) can be rewritten as 
bn
1, 1
2
( cos sin )bnii i ij ij ij ijj j
ii
i
Z V G B
G
V
T T
 z
 
 
¦                                                           (4) 
The parity mismatch for the injection measurement can be then be obtained as 7ijPM  = —iiG iiG  
A parity mismatch  can be generated for the reactive power injection measurement. The other constants in 
(3) can also be used to generate parity mismatches. 
8
ijPM
4.The Parity Mismatches and the Measurement Residuals 
Parity mismatches and the measurement residuals arise because of gross errors present in the measurements. Both 
of them should have zero values ideally. It is possible to establish a relationship between the two. The power system 
equations (1) and (3) cantain three types of variables in them viz. the state variables, the parameters/constants, and the 
power flows. The equations can be recast in the form (2) and (4) with a parameter/constant on the right hand side. An 
error in any one of the variables on the LHS, will therefore almost always be reflected onto the RHS. A similar 
phenomena occurs in measurement residues as well. 
In the process of obtaining residuals the information contained in a large number of measurements first gets 
compressed into the minimal set of estimated state, through the weighted least squares (or similar) technique. 
Obtaining the residuals encompasses decompression of information in the estimated state into the estimated 
measurements. In the parity mismatch method the given measurements are transformed into calculated values of the 
system constants (and corresponding mismatches) by rewriting physical equations. Thus both parity mismatches and 
measurement residuals are obtained using different reconstruction techniques. The residue  is given by ijr
ijr  = ijZ — ijZ and 
2( cos( ) sin( ))ij ij i j ij ij ij ij ii ii ir Z VV G B G G VT T      
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It is to be noted that 
iiG  is a function of jV and ijT  
2 (ij i ii iir V G G    )                                                                          (5) 
2 1
ij i ijr V PM                                                                                (6) 
Similarly other parity mismatches can be related to the residues 
2cos( )ij i j ij ijr VV PMT                                                                         (7) 
3sin( )ij i j ij ijr VV PMT                                                                          (8) 
A similar set of relations can be developed for parity mismatches  to  obtained from reactive 
power flow measurements[3]. The relation between the real power injection measurement residue and its parity 
mismatch is 
4
ijPM
6
ijPM
ijr  = 
2
iV 7iiPM                                                                              (9) 
A similar relation can be developed for parity mismatch  reactive power injection measurement[3]. Parity 
mismatches , 4 ,  and 
8
iiPM
1PMij ij iiPM
7PM 8iiPM  have a simple relationship with measurement residuals. 
The residue based methods give rise to constraints like observability and degeneration of measurement 
configuration[4]. Decoupling of line flow and injection measurements therefore connot be effected in case of limited 
local redundancy, whereas this feature is intrinsic to the parity mismatch method. The procedure of generating the 
parity mismatches is much more direct and transparent than the measurement residuals. Influence of other parameters 
such as admittances etc. on the parity mismatches is also clearly seen. The parity mismatches have a strong physical 
significance because of their direct association with the parameters. The relations (6)-(9) enable one to assign this 
physical significance to the residues, too. This helps in nomalisation based on sensitivities of state variables and 
parameter variables. One such normalization using line impedances is discussed below. 
Grossly erroneous power flow measurements on short lines are known to possess small residuals. The reason for 
this is that compression and reconstruction of the information is much stronger in short lines. During the process of 
compression the gross error biases the estimated state . This biased estimated state has a large amplification for short 
lines to the short line. Since the short line measurement is erroneous and the amplified estimated measurement is very 
close to the given erroneous measurement it shows a small residue. However the measurement in nearby long lines 
even though true, amplify the bias in the estimate, and generally show residues larger than those for the short line[3]. A 
normalization based on the impedance magnitudes is found to overcome this difficulty with short lines. By this 
normalisation the parity mismatches corresponding to long lines are attenuated while the parity mismatches of the 
short lines get amplified resulting in better visibility of short lines. The normalisation is carried out by defining the 
normalized parity mismatch, N
ijPM  = ijPM / ijIMP  
Where  is the impedance of line (i-j). The normalised parity mismatches are then subjected to statistical 
tests. 
ij
ij
IMP
5.Statistical Testing 
Grossly erroneous measurements distort mean ȝ and variance ı2 of the set of mismatches { NPM }.Now if the 
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grossly erroneous measurements are removed iteratively the mean ȝ and the variance ı2 tend toward their true values. 
A standard error ijD for a measurement ijZ is needed for the purpose of identification.  
ijD  = ( NijPM  - ȝ)/ı                                                                        (10) 
     The statistical test for real power line flow measurements is described in the following algorithm. 
1)  From the given measurement set obtain the state estimate x of the system. 
2)  Write parity equations (2) for real power line flow measurements. 
3)   Obtain parity mismatches for real power line flows. 
4)  Calculate mean ȝ and variance ı for these parity mismatches. 
5)  Select a statistical confidence threshold Ȝ. 
6)  Compute standard error using(10). 
ijD
7)  If ijD >Ȝ then ijZ is grossly erroneous. 
8) Eliminate these grossly erroneous measurements from { }. N
ijPM
 9)   Repeat steps (d) to (h) till step (g) indicates bad data. 
10) The measurements corresponding to the eliminated mismatches are claimed to be grossly erroneous. 
   Similarly parity mismatches corresponding to reactive power lineflow, real power injection and reactive 
power injection can be tested. 
6.Conclusion 
In this paper network parameters are employed to generate parity mismatches for the purpose of identification of 
gross errors. Relations between measurement residuals and parity mismatches have been derived. The physical appeal 
of parity mismatches offers one the facility of normalization, that improves the detectability of gross errors in short 
lines. The statistical test is unique in the sense that the elimination of grossly erroneous measurement is a part of the 
statistical testing procedure and does not have the observability or loss of information constraints. It has also been 
observed that the statistical test is suited for large systems with large global redundancy. Incorporation of parallel 
computing will enhance the power of this method. 
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